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METHOD OF CONTROLLING PROLIFERATION AND DIFFERENTIATION 
CELLS SUCH AS STEM AND PROGENITOR CELLS 

FffiT,T> AND RACKfiftOITND OFTWF TNVFNTlfYM 

The present invention relates to a method of controlling proliferation and 

: , • - ^ ^ ^^^^ such as stem and progenitor cells. More particularly, the present 

invention relates to a method of imposing proliferation yet restricting differentiation of 
stem and progenitor cells by treating with chelators of transitional metals, resulting in 
reduction in transitional metals availability. 

Cell difrerenHatinnt,n f tp r tf f f n (t t i c n 

Normal production of blood cells (hematopoiesis) involves the processes 
of proliferation and differentiation which are tightly coupled. In most 
hematopoietic cells following division the daughter cells undergo a series of 
progressive changes which eventually culminate in folly differentiated (mature), 
functional blood cells, which in most part are devoid of proliferative potential. 

Thus, the process of differentiation Emits, and eventually halts cell 
division. Only in a small minority of the hematopoietic cells, known as stem 
cefis, cell division may result in progeny which are similar or identical to their 
parental cells. This type of cell division, known as self-renewal is an inherent 
property of stem cells and helps to maintain a small pool of stem cells in then- 
most unmfferentiated state. Some stem cells lose their self-renewal capacity and 
following cell division differentiate into various types of lineage committed 
progenitors which finally give rise to mature cells. While the latter provide the 
functional capacity of the blood cell system, the stem cells are responsible for the 
n^taining of hemopoiesis throughout life despite a continuous loss of the more 
differentiated cells through apoptosis (programmed cell death) and/or active 
removal of aging mature cells by the reticuloendothelial system. 

As further detailed below, expansion of the stem cell and other defined 
hympho-hemopoietic cell subpopulations by ex vivo culturing could have 
important clinical applications. 

A variety of protocols have been suggested and experimented for 
enrichment of such populations. The main experimental strategies employed 
mchide incubation of mononuclear cells with or without selection of CD3 4 + (8); 
with different cocktails of early and late growth factors (17); with or without 
serum (7); in stationary cultures, rapid medium exchanged cultures (18) or under 
continuous perfusion (bioreactors) (6); and with or without established stromal 
ceBIayer(19). 

Although a significant expansion of intermediate and late progenitors was 
often obtained during 7-14 days ex vivo cultures, the magnitude of early 
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^a-J° °f* * achieve maxteMl « «*» «P«nsion of stera oeBs the followiat 
condmons should be fulfilled- (i) differentiation should be revmftlv i^hnZT 
de hy ed a .d(ii) 5 e.f- re newa ls hou.d te n^ nyproI ^ m, ^^ 1, ' tedOT 
Rti«ofC<>m, r rin*.llq fr„ r „ t l<ltim . 

ft™. K £ ^f a ' f Waaa ftt ftwvr ( Wrap.; Copper deficiency can result 
ftom heredrary defect such as Menkes syndrome Tceliac ZLZTl 

may oe caused by Copper non-supplemented total parenteral nutrition 

of Copper) fed newborns, which may result in severe cases in ShZ^ 
syndrome. Unbalanced treatment with Copper cheZraTcon^T^ 
oases such as in Wilson's disease may also leal °~ ta4 

grown, bralfT 1°*" of 

fTZL <teveIo l' me, "> strength and morphology, myocardial 

rst^r md siucose — ~ *MS 

Of particular relevance to this study is the feet that Copper deficiencv is 
often abated with hematological abnormalities, including an^na, niunZu 
an ^toombocympenia. All these pascal manifestanoi are unm^Tta 

The mechamsm by which Copper deficiency leads to newroLi. t 
«^own. Amo ng the „ ^ ^ » 

01 nemrophrls fiom progemtor cells in the BM; (Hi) decrease in cellutar 
—on rate in me BM; (iv) impaired refease of neL^hils^L me bm Z 
•he cn^. ao n ; (v) enha^ed elimination rate of circulaang netttrop Js 

Exammadon of the BM of neutmpenic Copper-deficient oafients 
demonstrates the absent* of mahne cells rmaturation^O 

— » oomamtng Copper deficient seram, bu, reteined the potential for nonnal 
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colony growth in Copper containing serum. These results indicate the presence 
of intact progenitors in the patient's BM, and suggest that the block in 
development occurs distal to the progenitor stage (29-30). 

The effect of Copper in ce l l l i nes; The effect of Copper was also studied 
in vitro established cell lines (3 1-34). One such line (HL-60) was derived from a 
patient with acute promyelocyte leukemia. These cells, that have the 
characteristics of myeloblasts and promyelocytes, can grow indefinitely in 
culture. Upon addition of various agents, such as retinoic acid (RA), to the 
culture medium, the cells undergo differentiation, which results in cells which 
demonstrate some, but not all, features of mature granulocytes. 

The study of Copper status in these cells has shown that although the 
cytosolic Copper content per cell was not significantly different in RA-treated 
cells compared to untreated cells, the Copper content per protein content was 
doubled. This is due to the feet that RA-treated cells have about half the protein 
content as compared to their untreated counterpart. Using «Cu, it has been 
shown that the rate of Copper uptake was significantly faster during the two first 
days of RA treatment, but not at later times. The intracellular distribution of «7Q, 
was found predominantly in high molecular weight (MW) fractions (> 100 kD) 
and a lower MW fraction of about 20 kD, with a higher proportion of Copper 
present in the high MW fractions in RA-treated cells. 

Addition of excess Copper to regular serum-supplemented growth medium 
modestly increased RA-induced differentiation. Although RA-treated HL-60 
cells do not necessarily represent normal cell development, these results point to 
the possibility that neutrophilic differentiation may require Copper. 

In other experiments it has been shown that HL-60 cells can be made 
Copper deficient by treatment with Copper chelators, and that following such 
treatment their viability and growth rate were unaffected. 

Although all these phenomena have been attributed to Copper, it has been 
reported that some clinical and biological effects are shared by Copper and other 
transition metals: 

For example, clinical symptoms similar to those observed in Copper- 
deficiency could also be observed following consumption of high levels of Zinc 
(40-42), which has been known to interfere with Copper utilization (e.g., 43). 

In a study of human hepatocellular carcinoma it was found that the 
concentrations of both Copper and Zinc in the tumor tissue decreased with the 
degree of histological differentiation (44). 

In another study it was shown that addition of Copper, Zinc and Ferrum to 
primary cultures of rat hepatocytes induced cell replication and formation of 
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»*,oed differentia** of HL-60 ccBs (52); mT* f*" 
aminopeptidase(53). 0OYDK! lens iMcme 

WHe redncmg ih e present invention to practice, it was f n , m H ,u.. 
<rf agen* thatbradfchetae) transition^ ^^^f^ 
-*U (delay) the proems of differentiation of aJcoia^ ^■^1°™ 
»d late proctor cell* and thereby stonrtJZ TZ^ITT^ 
ocU proliferation « vm>. TMs newly discovered eScTLr ^* * 
titrasitio. raerab depletion (either pa^aJ —le^ ^T" " 

.he e, expansion ofCona ^ftn^ceT " 

SUMMARY OP twp thvpmti^i 

According to the present invention there is provided a * 
— . —on and dn^tion of ce* J fZZ 

either m vivo or ex vivo. B tor 06,18 

describeTb^'r ^ ^ " Prefened * of the invention 

described below, there is provided a method of expanding a ponulation of JT 
while a, the same time inhibiting d^erentianTof L X *e 2£ 

~. a 1681114 differentiation of the cells is inhibited while exi*m™» ~ 
proliferation of the cells in accelerated. expansion, or 

According to still further features in the described omfrrr^ ^ ^ 
the cells a«» /» , , ws>onoea preterred embodiments 
c ceus 316 w vivo, where the conditions for r^n 

effec * ed * ad "^8tenng a transition metal chelator andfa^c. 
•Mvtartn* tetraethy.enepentamioe, a„ti n o^y,e fll « n o lmlta e, 
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aminoethylpiperazine, pentaethylenehexamine, triemylenetetrarnine- 
hydrochloride, tetrae%lenepentainme-hydrochloride, pentaethylenehexamine- 
hydrochloride, tetraemylpentamtne, captopril, penicflamine and transition metal 
binding peptides. 

According to still further features in the described preferred embodiments 
the cells are ex vivo. 

According to still further features in the described preferred embodiments 
providing the cells with the conditions for cell proliferation include providing the 
cells with nutrients and with cytokines. 

According to still further features in the described preferred embodiments 
the cytokines are early acting cytokines. 

According to still further features in the described preferred embodiments 
the early acting cytokines are selected from the group consisting of stem cell 
factor, FLT3 ligand, interleukin-6, thrombopoietin and interleukin-3. 

According to still further features in the described preferred embodiments 
the cytokines are late acting cytokines. 

According to still further features in the described preferred embodiments 
the late acting cytokines are selected from the group consisting of granulocyte 
colony stimulating factor, granulocyte/macrophage colony stimulating factor and 
erythropoietin. 

According to still further features in the described preferred embodiments 
the cells are selected from the group consisting of hematopoietic cells, neural 
cells and oligodendrocyte cells, skin cells, hepatic cells, muscle cells, bone cells, 
mesenchymal cells, pancreatic cells, chondrocytes and stroma cells. 

According to still further features in the described preferred embodiments 
the cells are derived from a source selected from the group consisting of bone 
marrow, peripheral blood and neonatal umbilical cord blood. 

According to still further features in the described preferred embodiments 
the cells are enriched for hemopoietic CD34+ cells. 

According to still further features in the described preferred embodiments 
the cells are selected from the group consisting of non-differentiated stem cells 
and committed progenitor cells. 

According to further features in preferred embodiments of the invention 
described below, there is provided -a method of hemopoietic cells transplantation 
comprising the steps of (a) obtaining hemopoietic cells to be transplanted from a 
donor; (b) providing the cells ex vivo with conditions for cell proliferation and, at 
the same time, for reducing a capacity of the cells in utilizing transition metals, 
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thereby expanding a population of me cells, while at the same time, inhibiting 
differentiation of the cells; and (c) transplanting the cells to a patient 

According to still further features in the described preferred embodiments 
the donor and the patient are a single individual. 

According to still further features in the described preferred embodiments 
obtaining the hemopoietic cells is from a source selected from the group 
consisting of peripheral blood, bone marrow and neonatal umbilical cord blood. 

According to still further features in the described preferred embodiments 
obtaining the hemopoietic cells further includes enriching the cells for stem cells 
According to still further features in the described preferred embodiments 
obtaining the hemopoietic cells further includes enriching the cells for progenitor 
cells* 

According to further features in preferred embodiments of the invention 
described below, there is provided a method of transducing stem cells with an 
exogene comprising the steps of (a) obtaining stem cells to be transduced: (b) 
providing the cells ex vivo with conditions for cell proliferation and, at the same 
time, for reducing a capacity of the cells in utilizing transition metals, thereby 
expanding a population of the cells, while at the same time, inhibiting 
differentiation of the cells; and (c) transducing the cells with the exogene " 

According to still further features in the described preferred embodiments 
transducing is effected by a retrovirus including the exogene. 

According to further features in preferred embodiments of the invention 
described below, there is provided a method of adoptive immunotherapy 
comprising the steps of (a) obtaining progenitor hemopoietic cells from a patient 
(b) providing the cells ex vivo with conditions for cell proliferation and at the 
same tone, for reducing a capacity of. the cells in utilizing transition metals 
hereby expanding a population of the cells, while at the same time, inhibiting 
differentiation of the cells; and (c) transplanting the cells to the patient 

According to further features in preferred embodiments of the invention 
described below, there is provided a method of mobilization of bone marrow 
stem cells into the peripheral blood of a donor for harvesting the cells comprising 
the step of (a) administering to the donor an agent for reducing a capacity of the 
cells m utilizing transition metals, thereby expanding a population of stem cells 
while at the same time, inhibiting differentiation of the stem cells- and fb) 
harvesting the cells by leukapheresis. 

According to stiU further features in the described preferred embodiments 
the method further comprising the step of administering the donor a cytokine 
e.g., an early acting cytokine, such as, but not limited to, stem cell factor FLT3 
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ligand, interleukm-6, thrombopoietm and interleukin-3, and/or/in combination 
with a late acting cytokine, such as, but not limited to, granulocyte colony 
stimulating factor, granulocyte/macrophage colony stimulating factor and 
erythropoietin. 

According to still further features in the described preferred embodiments 
the agent is selected from the group consisting of a transition metal chelator and 
Zinc. 

According to further features in preferred embodiments of the invention 
described below, there is provided a method of decelerating 
maturation/differentiation of erythroid precursor cells for the treatment of p% 
hemoglobinopathic patients comprising the step of administering to the patient an 
agent for reducing a capacity of the cells in utilizing transition metals, thereby 
expanding a population of stem cells, while at the same time, inhibiting 
differentiation of the stem cells, such that upon natural removal of the agent from 
15 the body, the cells undergo accelerated maturation resulting in eievated 
production of fetal hemoglobin. 

According to still further features in the described preferred embodiments 
the agent is selected from the group consisting of a transition metal chelator and 
Zinc. 
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According to further features in preferred embodiments of the invention 
described below, there is provided a therapeutical ex vivo cultured cell 
preparation comprising ex vivo cells propagated in presence of an agent, the agent 
reducing a capacity of the cells in utilizing transition metals, thereby expanding a 
population of the cells, while at the same time, inhibiting differentiation of the 
25 cells. 

According to still further features in the described preferred embodiments 
the agent is selected from the group consisting of a transition metal chelator and 
Zinc. 

According to another embodiment of the present invention there is 
provided a method of preservation of stem cells comprising the step of handling 
the stem cell in at least one of the steps selected from the group consisting of 
harvesting, isolation and storage, in a presence of a transition metal chelator. 

Respectively, further according to the present invention there are provided 
30 stem cells collection bags, separation and washing buffers supplemented with an 
effective amount or concentration of a transition metal chelator, which inhibits 
cell differentiation. 
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The present invention successfully addresses th<* «w 

delayjugthcrAffercntiation by transition metals deficiency * 
3 fcventio^ 

The uwention herein described, by way of example only with refers 
me accompanying drawings, wherein: Terence to 

10 FIG. 1 shows the short-term effect of TEPA on th* • 

independent experiments are presented. ^' Resultsoftw ° 

FIG. 2 shows the short-term effect of TEPA nn * ^ 

Cord blood-derived CD^a cell, ™> , ! ^ 80(1 CD 34 cells. 

cu ^ u 34 ceJls were plated in liauid mltm*. ;~ «. 
FL - 5ng/ml SCF - l rw™i tt < (< f 7, ^ culture m » e presence of 

volume and replacing it with fresh medium and IL-3 ZZ^ ^ ^ 

0 9 ml V ( m ' 4 > me cultures were diluted MO with 

21 l^t <***ines and TEPA. On day 7 , 4 Id 

21, the cultures were demi-deponulated hv <• 7 „ 

FIG. 4 shows the lone-term effect nfrm> a ^ ^rasters. 
*. P^e o £ FL - 50^ SCF 
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2togW, with or without TEPA (10^. At weekly intervals, the cute™, were 
by removal of on, the culture volume Jt££S 
«iu> flesh mednnn, cytokine, and TEPA, a, mdicated Cells of metarvela 
metaweteeo^^aho^equivdent.o , * .03 tmtiatingceUste^d 

eolotoes (^) „ the senu^ohd culture, multiplied by the dilution factors are 
"presented, 'denotes that no colomes developed. ™ tactors, are 

P«t i, "T* * e effect of 00 *velopment of etythroid precttraora 
*japh=™> blood mononuclear cells, obtained ftom an artahZTd^^ 
) cultured m the etythroid two-phase liquid culture system (23 m iZ . a 
£- of me cnltore was supplemented^ w^J^J* 

FIGs. oa-d show the effect of TEPA on cell maturadon. Morpholouv of 

and od) of TEPA ts shown. Cytospin prepared slides were stained with Mav 
GranwaU Gtomea. Magnifications: 6a and 6b x 600; 6c and 6d x 1485 

FIG. 7 shows the effect of transition metal chelators on cell number awl 
, onogentc of CD34 ce.U initiatod cultores. Cord blood-derived C^nTwl 

CnT Trr * e r 6906 ofFL ■ scf • 

^Ong/mJ, IL-6 - 20ng/ml, and either TEPA - 10 11M, caotODril tCAPl to ,.», 

MM, as ideate, On' day TS 

medium. The bar, present the total cell number (xloS/hJ) on day 7 and the 
numberofcoloniesperplate 14 days following cloning • 
RG. 8 shows the effect of Copper on the clonogenic potential and total 

clri er : f 0034 ceik - f cord °* ok wL sis 

cultures in the presence of cytokines: FL - 10ng/ml, SCF - 10ng/ml nT 

a^ri W 88 m ? Cated ' 0,1 ** 7, cells were counted (down) anS 

eqU,Valent to 1 * 103 bating cells were plated in semi -solL medium 
Colonies were scored after 14 days (up). meomm. 

CD^fe r*E *!!?!* ° f ° n 1,16 Cl0n °* enic of cultured 

CD 34 cells. Cord blood^erived CD 34 cells were plated in liquid cultures inT 
presence of FL - lOng/ml, SCF . lOng/ml, IL-3 - lOng/ml TEL , 
either with or without TEPA - 10 uM ^ " ld 

Copper-sulfate 5mM * * , . CUltUreS Were su PP Ie mented with 

copper sulfate - 5mM, sodmm selemte - 5mM or iron-saturated transferrin 0 3 
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«ch) and IL-3 (20^ wi«h or *£TSS STL ? (5 ° nS ' D " 
uumeoium. C*Uc frequency was calculated as number nfrmu* 

aenvea cu 34 cells were cultured as detailed in Fio..™.e 1 1 
hqu.d medium fa ft, of scp IL-6 fS^ fTt^ t m 

SOng/ml, with or ,« ,„ S M '^"*« 

counted (Figure I2) , assayed for CFUc (Fig»re uTiT^ ft 
calculated (Figure 4). -denotes the. co eoLCd^ 

KG. 15 shows the effect of G-CSF and GM-CSF nn rprc «. 
cohtro, andTEPA.sr.pp.emen.ed CD34 -^^SS^STf 
were cultured as detailed fa Figures 1 1«. After one SfctS 

cLc^,. ' * CFU ° fl nd CFUc fre^t 

. ,6 - 17 sbow «Ow of partial or complete medium + TRPa 

*-» on .ong-temtceHproUfereuon^dCFUc product. 
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GD34 cells were cultured as detailed in Figures, lla-c. At weekly intervals, the 
cultures were demi-depopulated and supplemented with fresh medium, cytokines 
and TEPA. At weekly intervals, half of the culture content (cells and 
supernatant) was removed and replaced by fresh medium, cytokines with or 
without TEPA (partial change). Alternatively, the whole content of the culture 
was harvested, centriruged, the supernatant and half of the cells discarded and the 
remaining cells recultured in fresh medium, cytokines with or without TEPA 
(complete change). At the indicated weeks the number of cells (Figure 16) and 
CFUc (Figure 17) were determmed. 

FIG. 18 show the effect of TEPA on CD34 cell expansion. Cord blood- 
derived CD34 cells were cultured as detailed in Figures 1 la-c. At weeks 1, 2 and 
3, CD34+ cells were enumerated by flow cytometry. * denotes that no colonies 
developed. 

FIG. 19 shows me effect of delayed addition of TEPA on CFUc 
frequency. Cord blood-derived CD34 cells were cultured as detailed in Figures 
lla-c. TEPA (10uM) was added at the initiation of the cultures (day 1) or 6 days 
later. At weekly intervals, the cultures were demi-depopulated and supplemented 
with fresh medium, cytokines and TEPA. At weeks 3, 4 and 5, cells were 
counted, assayed for CFUc and the CFUc frequency was calculated. 

FIG. 20 show the effect of short-term preincubation with a single cytokine 
on long-term CFUc production. Cord blood-derived CD34 cells were cultured as 
detailed in Figures 1 la-c. Cultures were supplemented on day 1 with or without 
TEPA (10 uM) and with SCF, FLT3, IL-6, (50ng/ml each) and IL-3 (20ng/ml). 
Alternatively, cultures were supplemented on day 1 with TEPA (10 uM) and 
FLT3 (50 ng/ml) as a single cytokine. SCF, IL-6 (50ng/ml each) and IL-3 
(20ng/ml) were added to these cultures at day2. At weekly intervals, the cultures 
were demi-depopulated and supplemented with fresh medium, cytokines and 
TEPA. At the indicated weeks cells were assayed for CFUc. 

FIGs. 21a-b show the effect of polyamine chelating agents on CD34 cell 
cultures. Cord blood-derived CD34 cells were cultured as detailed in Figures 
lla-c. The polyamine chelating agents tetraethylenepentamine (TEPA), penta- 
etoylenehexarnine (PEHA), ethylenediamine (EDA) or triethylene-tetramine 
(TETA) were added, at different concentrations. At weekly intervals, the cultures 
were demi-depopulated and supplemented with fresh medium, cytokines and 
chelators. At weeks 3, 4, 6 and 7, cells were counted and assayed for CFUc. The 
results presented are for concentrations with optimal activity: TEPA - 40 uM 
PEHA - 40 uM, EDA - 20 uM and TETA - 20uM. 
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TZTZ ^.""Z**" CD34 ccUs were ctntured as dotard fa Pi^ 
ir,' ™° Chelat ° ra CWMI (CAP), Penicflantine (pen, md ^A ^™ 

*°w«ks 4, 5 and 7, cefls were count*, and assayed for CFUc. Tie resui 
Ecap" ^ ^ "* «*- ™«A - .0 MM. PEN - 5 M 

. derived^ 23a "n S " OW "* ° ffe0 ' ° f ZiK 00 ™» <*» "*■« Cord Wood- 
^ f^i 06118 ^ a,lt,lrc,1 38 deWed ta %~ ' 'a* Zinc (Zn) was 

At rae weeks 4, 5 and 7, cells were counted and assayed for CFUc 

HG. 24 shows the effect of TEPA on peripheral blood derived CD™ cell 

Figures 11k Cultures were supplemented with or without TEPA At weeklv 

^and^r.r - -PP'~ £22 

mednnn and TEPA. At weeks 1 and 4, and, cells were assayed for CFUc » 
denotes that no colonies developed 

DESCRIPTION OF THE PBtnTpp pn RMBon,^^ 

dtfFerenuatton of stem and progenitor cells which can be used to provide a 
ofceBs, ro winch drfrerenhauon was inhibited while expansion propagated 

222^ rr 03,1 te ^ to ^ 

PWr cel. , for hematopoietic cell transplantations, stem cells suitable for 
gen.nc manpul.nons, which may be used for gene therapy, and new tieatmem 
means for di^, wcb ^ ^ „ 0 , ^ ^ ^^^J™ 

The present invention relates to a method of controlling proliferation and 
dtfierenttaoon of atom and progenitor ceUs. More particularly 22^1 
mvenhon relates to a method of imposing proliferation y*ts£Z 
gentian™ of stem and progenitor cells by modifying the a^i~f 
ttansitton metals, Copper in particular. 

invent,™ 6 Prin ?' eS . ° Pera ' i0n ° f 8 meth0d accoKlta 8 <° "* P^ent 
mvention may be better underatood with reference, to the drawings and 
accompanying descriptions and examples ^ d 
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Before explaining at least one embodiment of the invention in detail, it is 
to be understood that the invention is not limited in its application to the details of 
construction and the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other 
embodiments or of being practiced or carried out in various ways. Also, it is to 
be understood that the phraseology and terminology employed herein is for the 
purpose of description and should not be regarded as limiting. 

In the course of the present study it was found that a series of chemical 
agents that bind (chelate) Copper and other transition metals, or that interfere 
with Copper metabolism can reversibly inhibit (delay) the process of 
differentiation of stem cells as well as intermediate and late progenitor cells and 
thereby stimulate and prolong the phase of active cell proliferation. 

This newly discovered effect of transition metal depletion was utilized for 
maximizing the ex vivo expansion of various types of hemopoietic cells. Such ex 
vivo expanded cells can be applied in several clinical situations. The following 
lists few. 

Hemopoietic cell transplantation; Transplantation of hemopoietic cells 
has become the treatment of choice for a variety of inherited or malignant 
diseases. While early transplantation procedures utilized the entire bone marrow 
(BM) population, recently, more defined populations, enriched for stem cells 
(CD34+ cells) have been used (1). 

In addition to the marrow, such cells could be derived from other sources 
such as peripheral blood (PB) and neonatal umbilical cord blood (CB) (2). 
Compared to BM, transplantation with PB cells shortens the period of 
pancytopenia and reduces the risks of infection and bleeding (3-5). 

An additional advantage of using PB for transplantation is its accessibility. 
The limiting factor for PB transplantation is the low number of circulating 
pluripotent stem/progenitor cells. 

To obtain enough PB~derived stem cells for transplantation, these cells are 
"harvested" by repeated leukapheresis following their mobilization from the 
marrow into the circulation by treatment with chemotherapy and cytokines (3-4). 
Such treatment is obviously not suitable for normal donors. 

The use of ex vivo expended stem cells for transplantation has the 
following advantages (2, 6-7). 

It reduces the volume of blood required for reconstitution of an adult 
hemopoietic system and may obviate the need for mobilization and leukapheresis 
(3). 
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^ m the allogenetc tmnsplan, ^ for 
10 Clinical studies have indicated that traisolantatinn n t • 

FOTm ^^ l <t^iantod ra ,sh<«einMofthedu I an™ n f t k- - • 
phase, as well as long-term engmibnent, is cruchu Z * ■ cyto|JeMC 
late progenitor cells in the 0^^1.0^^! *** 
derived mature cells and shortenTthe ^ZTST ° f don °" 

»- « «vo expanded cells wffl mcm^m ^to^^™" 

« *ose ~ ^rissrrsKrt'* 

eomple" tCZZZXZ ? T — • * 

• , ^ ataLd "B m ^ Pfflslic defects in Bag, ^ 

mvolved the collection of embrvonic cell, ft™ diagnosis 

atereof for genetic d^T^'™™'™'""'"** 
emhtvonic „Us invokes sepa^r^l^^' ^u 
prectasots that inflltmtod into „ e blL c^Th °°1 

pr^venho. therefore offers means to expand emh^onic .JRJJ 
oBh.to, teamen, ^3^^^^ 
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cycling progenitors and precursors, the stem cells constitute only a small fraction 
of the cell population and most of them are in a quiescent, non-cycling state. 

Viral-based (e.g., retroviral) vectors require active cell division for 
integration of me transgene into the host genome. For these reasons gene transfer 
into fresh BM stem cells is very inefficient The ability to expand a purified 
population of stem cells and to regulate their cell division ex vivo would permit 
increased probability of their transduction (9). 

Adoptive Immunotherapy Ex Wvo-expanded, defined lymphoid 
subpopulations have been studied and used for adoptive immunotherapy of 
various malignancies, immunodeficiency, viral and genetic diseases (10-12). 

The treatment enhances the required immune response or replaces 
deficient functions. This approach was pioneered clinically by Rosenberg et al. 
(13) using a large number of autologous ex vivo expanded non-specific killer T 
cells, and subsequently ex vivo expanded specific tumor infiltrating lymphocytes. 

It was also shown that functionally active antigen-presenting cells can be 
grown from a starting population of CD34+ PB cells in cytokine-supported 
cultures. These cells can present soluble protein antigens to autologous T cells in 
vitro and, thus, offer new prospects for the immunotherapy of nrinimal residual 
disease after high dose chemotherapy. Ex vivo expansion of antigen-presenting 
dendritic cells was also studied (14-J6). 

Ex vivo expansion of non-hemopoietic stem mrf p r o^enitnr ^ ifo. For 
example, ex vivo expansion of neural stem cells or oligodendrocyte progenitors. 

Myelin disorders form an important group of human neurological diseases 
that are as yet incurable. Progress in animal models, particularly in transplanting 
cells of the oligodendrocyte lineage, has resulted in significant focal 
remyelination and physiological evidence of restoration of function (36). Future 
therapies could involve born transplantation and promotion of endogenous repair, 
and the two approaches could be combined with ex vivo manipulation of the 
donor tissue. 

U.S. Pat. No. 5,486,359 teaches isolated human mesenchymal stem cells 
which can differentiate into more than one tissue type (e.g. bone, cartilage, 
muscle or marrow stroma) and a method for isolating, purifying, and culturally 
expanding human mesenchymal stem cells. 

U.S. Pat No. 5,736,396 teaches methods for in vitro or ex vivo lineage- 
directed induction of isolated, culture expanded human mesenchymal stem cells 
comprising the steps of contacting the mesenchymal stem cells with a bioactive 
factor effective to induce differentiation thereof into a lineage of choice. Further 
disclosed is a method which also includes introducing such culturally expanded 



WO 99/40783 

PCT/US99/02664 

16 

lmeage-induced mesenchymal stem cells into a host fixmi which they have 
originated for purposes of mesenchymal tissue regeneration or repair. 

U.S. Pat No. 4,642,120 teaches compositions for repairing defects of 
cartilage and bones. These are provided in gel form either as such, or embedded 
m natural or artificial bones. The gel comprises certain types of cells. These may 
be committed embryonal chondocytes or any kind of mesenchyme originated 
cells which potentially can be converted to cartilage cells, generally by the 
influence of chondrogenic inducing factors, in combination with fibrinogen, 
antiprotease and thrombin. 

U.S. Pat No. 5,654,186 teaches that blood-borne mesenchymal cells 
proliferate in culture, and in vivo, as demonstrated in animal models, are capable 
of migrating into wound sites from the blood to form skin. 

U.S. Pat No. 5,716,411 teaches to a method of skin regeneration of a 
wound or burn in an animal or human. This method comprises the steps of 
initially covering the wound with a collagen glycosarninoglycan matrix, allowing 
mffltranon of the grafted GC matrix by mesenchymal cells and blood vessels 
from healthy underlying tissue and applying a cultured epithelial autograft sheet 
grown from epidermal cells taken from the animal or human at a wound-free site 
on the animal's or human's body surface. The resulting graft has excellent take 
rates and has the appearance, growth, maturation and differentiation of normal 
skin. 

U.S. Pat. No. 5,716,616 teaches methods of treating patients who are 
suffering from a disease, disorder or condition characterized by a bone cartilage 
or lung defects. The methods comprising the step of intravenous administration 
of stromal cells isolated from normal syngeneic individuals or intravenous 
admmistration of stromal cells isolated from the patient subsequent to correction 
of the genetic defect in the isolated cells. Methods of introducing genes into a 
recipent individual are also disclosed. The methods comprise the steps of 
obtaining a bone marrow sample from either the recipient individual or a matched 
syngeneic donor, isolating adherent cells from the sample, transfecting the 
adherent cells that were isolated from the recipient or a matched syngeneic donor 
with a gene and administering the transfected adherent cells to the recipient 
individual mtravenousfy. Compositions that comprise isolated stromal cells that 
include exogenous genes operably linked to regulatory sequences are disclosed. 

In each of the above examples, non-hemopoietic stem and progenitor cells 
are used as an external source of cells for replenishing missing or damaged cells 
of an organ. Such use requires cell expansion prior to differentiation in order to 
first obtaui the required cell mass. It is in this step where the method of the 
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present invention can become highly effective and useful while implementing 

any of the methods disclosed in the above U.S. patents. 

Additional examples for both n vh* *** ,„ ^ ^ y^n^- s]dn 

regeneration, hepatic regeneration, muscle regeneration and bone growth in 
osteoporosis. 

, . Mobilircttion of hone marrow stem M ik fa F r r j r hrrn 1 b lood 
( penpherali z ation): The discovery of the effect of transition metal chelators 
could also be applied in vivo. As mentioned above, PB-derived stem cells for 
transplantation are "harvested" by repeated leukapheresis following their 
mobilization from the marrow into the circulation by treatment with 
chemotherapy and cytokines (3-4). 

The use of chemotherapy is, of course, not suitable for normal donors 
Admmistratoon of transition metal chelators, such as TEPA, into me donor could 
increase the marrow stem cell pool, which is then mobilized into the periphery by 
endogenous or injected G-GSF. 

LeJikemiai Unlike normal hemopoiesis, in leukemia, the processes of 
prohferation and differentiation are uncoupled; the malignant cells are unable to 
dirlerentiate and consequently maintain continuous proliferation ability 

Understanding of the molecular events driving the uncoupling of the 
Proliferation and differentiation processes of normal progenitors following 
transition metals depletion, in particular Copper, may shed light on the cellular 
processes mvolved in the development of leukemia. 

. . Stimulation of fetal hfmofrlobin padactiflni Increased fetal hemoglobin 
has been shown to ameliorate the clinical symptoms in patients with B- 
hemoglobmopathies such as sickle cell anemia and P-thalassemia (38). 

Fetal hemoglobin, which normally comprises about 1 % of the total 
hemoglobin, becomes elevated in accelerated etythropoiesis (e.g., following 
acute hemolysis or hemorrhage or aAninistration of erythropoietin) (35) 

It has been suggested that this phenomenon is associated with acceleration 
of the maturation/differentiation process of the erythroid precursors (37) 

Administration of transition metal chelators such as TEPA to patients with 
^-hemoglobinopathies might first increase and synchronize their early erythroid 
progenitor pool (by blocking differentiation). 

Following cessation of administration of the drag and its removal from the 
body this early population then might undergo accelerated maturation which may 
result m elevated production of fetal hemoglobin. 

Thus, according to the present invention them is provided a method of 
expanding a population of cells, while at the same time inhibiting differentiation 
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of the cells. The method includes the step of providing the cells with conditions 
for cell proliferation and, at the same time, reducing a capacity of the cells in 
utilizing transition metals, such as Copper. 

Reducing the capacity of the cells in utilizing transition metals may be 
effected, for example, either by depletion thereof (e.g., via suitable chelators) or 
by interference in their metabolism (e.g., via addition of Zinc ions). 

As used herein me term "inhibiting" refers to slowing, decreasing, 
delaying, preventing or abolishing. 

As used herein the term "differentiation" refers to change from relatively 
generalized to specialized kinds <nning development Cell differentiation of 
various cell lineages is a well documented process and requires no further 
description herein. 

According to a preferred embodiment of the present invention the cells to 
be expanded are present in vivo. In this case the conditions for cell proliferation 
are naturally provided. Whereas, reducing the capacity of the cells in utilizing 
transition metals, such as, but not limited to, Copper is effected by adniinistering 
a transition metal, e.g., Copper, chelator, Zinc ions, or both. 

A<huinistration of the transition metal chelator and/or Zinc.ions may be by 
a pharmaceutical composition including same, which may farther include 
thickeners, carriers, buffers, diluents, surface active agents, preservatives, and the 
like, all as well known in the art 

The pharmaceutical composition may be administered in either one or 
more of ways depending on whether local or systemic treatment is of choice, and 
on the area to be treated. Administration may be done topically (including 
ophtahnically, vaginally, rectally, mtranasally), orally, by inhalation, or 
parenterally, for example by intravenous drip or intraperitoneal, subcutaneous, 
intramuscular or intravenous injection. 

Formulations for topical administration may include but are not limited to 
lotions, ointments, gels, creams, suppositories, drops, liquids, sprays and 
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, 
thickeners and the like may be necessary or desirable. 

Compositions for oral adrninistration include powders or granules, 
suspensions or solutions in water or non-aqueous media, sachets, capsules or 
tablets. Thickeners, diluents, flavorings, dispersing aids, emulsifiers or binders 
may be desirable. 

Formulations for parenteral administration may include but are not limited 
to sterile solutions which may also contain buffers, diluents and other suitable 
additives. 
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Dosing is dependent on severity and responsiveness of Ae condition to be 
treated, but will normally be one or more doses per day, with course of treatment 
lasting from several days to several months or until a Cure is effected or a 
diminution of disease state is achieved. Persons ordinarily skilled in the art can 
easily determine optimum dosages, dosing methodologies and repetition rates. 
Slow release administration regime may be advantageous in some applications. 

According to another preferred embodiment of the present invention the 
cells to be expanded are present ex vivo. 

As used herein the term "ex vivo" refers to cells removed fiom a living 
organism and are propagated outside the organism (e.g., in a test tube). As used 
herein, the term "ex vivo", however, does not refer to cells known to propagate 
only in vitro, such as various cell lines (e.g., HLt60, HeLa, etc.). 

Providing the ex vivo grown cells with the conditions for cell proliferation 
include providing the cells with nutrients and preferably with one or more 
cytokines. Again, reducing the capacity of the cells in utilizing transition metals, 
such as Copper is effected by a suitable transition metal chelator and/or Zinc 
ions. 

Final concentrations of the chelator and/or Zinc ions may be, depending 
on the specific application, in the micromolar or milimolar ranges. For example, 
within about 0. 1 U M to about 100 mM, preferably within about 4 pM to about 50 
mM, more preferably within about 5 pM to about 40 mM. - 

According to a preferred embodiment of the invention the chelator is a 
polyamine chelating agent, such as, but not limited to emylendiamine 
diethylenetriamine, triethylenetetramine, triethylenediamine,' 

teh^mylenepentamine, ammoe%lethanolamine, ammoemylpiperazine 
pentaemylenehexamine, triemylenetetranime-hydrochloride,' 
tetraemylenepentamine-hydrochloride, pentaemylenehexanune-hydrochloride,' 
tetraemylpentamine, captopril or penicilamine, preferably tetaemylpentamine! 
The chelator may also be a suitable peptide having a transition metal binding 
motif. The above listed chelators are known in their high affinity towards Copper 
ions. However, these chelators have a substantial affinity also towards other 
transition metals (39). The latter is incorporated by reference as if folly set forth 
herein. 

According to another preferred embodiment of the invention the cytokines 
are early acting cytokines, such as, but not limited to, stem cell factor, FLT3 
ligand, interleukm-6, thrombopoietin and interleukin-3, and/or late ' acting 
cytokines, such as, but not limited to, granulocyte colony stimulating factor, 
granulocyte/macrophage colony stimulating factor and erythropoietin. 
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tem^OMfic cdb, nam] cells, ongodendrocyte cells, skin cells, hepatic cells, 
tmntefe 9—* K». mesenchymal cells, pancreatic cells, chondrocytes 2 

5 Depending on the application, hematopoietic cells may be obtained for ex 

ZLtTT Tf? * "* ^ ° f *• »— ' fa ™«<» »■» bone 
manow, peripheral blood, or neonatal umbilical cord blood. 

Preferably, fte hematopoietic cells are enriched for hemopoietic CDy+ 
cens<r*, stem cells). Enriching the unction of stem cells may be effected Toy 
cell sorting, as well known in the art <=rrecreo oy 

<!•«■ ^jf* present invention may be either non- 

AfferentiaW stem cells or committed progenitor cells. Stan cells are known for 
many oeU Imeages. These cells are characterized by being the most 

3S«Sr IC f ,rf ' ta , ,ta * 

^fe^^d, as they are already committed to a differentiation path within me 

^JOT* 'f^? "* ™»* ima&n is P">vided a method of 
hemopo,^ coUs transptantation. The method includes the following stem, 
Frist, hemopoietic cells to be transplanted are obtained froma donor. Second 
■ o* me, provrded « « conditions for c«U proliferation and, at the ime 
*ne reducmg a capacity of ft. cells in utilizing tiansition metals, Copper in 
Particular, fl^by expanding , population of the celfe, while at tire samf time ' 
noting mfferemration of the cells. Finally, the cells are transplanted to a' 
patient to , case of an autologous transplantation the donor and the patient are a 
stogie rndmdual. The cells may be obtained fiom peripheral blood, bone marrow 

£ZTiT*?7 ""J*" 4 " enriched for ste^ ~ 

for progenitor cells (eg., by ceU sorting). 

^ A Fnrt T T^ 8 10 I"""*"*""*" *» is provided a method of 
«nsdu«ng ; (tiansfecting, tmnsforming) stem cells with an exogeoe (tinnsgene) 
Tie metirod mcludes the foUowing steps. First «em cells to be taLSl 
obtiuned. Second, the cells are pmvided ax *» with editions for col. 
P^femam, and, atfce same time, for reducing a capacity of fee cells in utilizing 

2nr£ ^ fa iw,,iouiar - eXpmdiae a •»» »f «- 

ce a, wtule at the same time, inhibiting differentiation of the cells. Third, the 
eells me transduced with the exogene. Tmnsduction methods are well known in 
4e m and require no further description herein. Examples of transduction 
Protocols are found m many laborato^ manuals including Sambrook, J., Fritsch, 
RF, Manratis, T. (1989) Molecular Cloning. A Laboratory Manual. Cold Spring 
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Harbor Laboratory Press, New York. Transduction is preferably effected by a 
vector including die exogene. 

Further according to the present invention there is provided a method of 
adoptive immunotherapy. The method includes the following steps. First, 
progenitor hemopoietic cells from a patient are obtained Second, the cells are 
provided ex vivo with conditions for cell proliferation and, at the same time, for 
reducing a capacity of the cells in utilizing transition metals, Copper in particular, 
thereby expanding a population of the cells, while at the same time, inhibiting 
differentiation of the cells. Finally, the cells are transplanted into the patient. 

Further according to the present invention there is provided a method of 
mobilization of bone marrow stem cells into the peripheral blood of a donor for 
harvesting the cells. The method includes the following steps. First, the donor is 
administered with an agent for reducing a capacity of the cells in utilizing 
transition metals, Copper in particular, thereby expanding a population of stem 
cells, while at the same time, inhibiting differentiation of the stem cells. Second, 
the cells are harvested by leukapheresis. Administering the donor a cytokine 
(early and/or late acting cytokine) is preferred to enhance mobilization. The 
agent is preferably a transition metal chelator and/or Zinc ions. 

Further according to the present invention there is provided a method of 
decelerating maturation/differentiation of erythroid precursor cells for the 
treatment of p-hemoglobmopathic patients. The method includes the step of 
administering to the patient an agent for reducing a capacity of the cells in 
utilizing transition metals, Copper in particular, thereby expanding a population 
of stem cells, while at the same time, inhibiting differentiation of the stem cells, 
such that upon natural removal of the agent from the body, the stem cells undergo 
accelerated maturation resulting in elevated production of fetal hemoglobin. 

Further according to the present invention there is provided a therapeutical 
ex vivo cultured cell preparation. The preparation includes ex vivo cells 
propagated in presence of an agent for reducing a capacity of the cells in utilizing 
transition metals, Copper in particular, thereby expanding a population of the 
cells, while at the same time, inhibiting differentiation of the cells. 



Reference is now made to the following examples, which together with the 
above descriptions, illustrate the invention in a non limiting fashion. 
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EXAMPLE 1 

Experimental Procedures 
CD3 4 cells select i on; Peripheral blood "buffy coat" cells derived fiom a 
whole blood unit, peripheral blood cells obtained following leukapheresis, or 
cord blood cells were layered on FicoH-Hypaque (density 1.077 g/ml) and 
centrifuged at 1,000 x g for 20 min. at room temperature. The interphase layer of 
mononuclear cells were collected, washed three times with Ca/Mg free phosphate 
buffered saline containing 1 % bovine serum albumin (BSA). The cells were 
incubated for 30 min. at 4 *C with murine monoclonal ami CD34 antibody (0 5 u 
8/10 mononuclear cells) and thereafter isolated using the miniMACS apparatus 
(Miltenyi-Biotec, Bergisch, Gladbach, Germany) according to the manufacturer's 
protocol. 

Culture proc ed ures For the expansion of progenitor cells, CD34+ 
enriched fractions or unseparated mononuclear ceils were seeded at about 1- 
3x104 cells/ml in either alpha minimal essential medium containing 10 % 
preselected fetal calf serum (FCS) (both from GIBCO, Grand Island, NY) or 
serum-free medium (Progenitor-34 medium, Life Technologies, Grand Island 
NY). The media were supplemented with a mixture of growth factors and 
transition metal chelators. The cultures were incubated at 37 *C m an atmosphere 
of 5 % C0 2 in air with extra humidity. Half of the medium was changed weekly 
with fresh medium containing all the supplements. 

C loning potential evalua t ions; The cloning potential of cells developed 
m the liquid culture was assayed, at different intervals, in semi-solid medium 
The cells were washed and seeded in 35 mm dishes in methylceUulose containing 
alpha medium supplemented with recombinant growth factors (SCF G-CSF 
GM-CSF and EPO). Following 2 weeks incubation, the cultures were scored 
with an inverted microscope. Colonies were classified as blast, mixed, erythroid, 
myeloid, and megakaryocyte, according to their cellular composition. 

Morphological assessment: In order to characterize the resulting culture 
populations, aliquots of cells were deposited on a glass slide (cytocentrifuge 
Shandon, Runcorn, UK), fixed and stained in May-Grunwald Giemsa. Other 
aliquots were stained by benzidine for intracellular hemoglobin. 

Immunofluorescence sta i n i ng ; At different intervals, cells from the 
liquid cultures were assayed for CD34 antigen. Aliquots were harvested, washed 
and mcubated on ice with FTTC-labeled anti CD45 monoclonal antibody and 
either PE-labeled anti CD34 (HPCA-2) monoclonal antibody or PE-labeled 
control mouse Ig. After incubation, red cells were rysed with lysing solution, 
while the remaining cells were washed and analyzed by flow cytometer. 
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Flew cytometry; Cells were analyzed and sorted using FACStarP lus flow 
cytometer (Becton-Dickinson, Immunofluorometry systems, Mountain View, 
CA). Cells were passed at a rate of 1,000 cells/second through a 70 mm nozzle, 
using saline as the sheath fluid A 488 nm argon laser beam at 250 mW served as 
the light source for excitation. Green (HTC-derived) fluorescence was measured 
using a 53OB0 nm band-pass filter and red (PB-derived) fluorescence - using a 
575±26 nm band filter. The PMTs was set at the appropriate voltage. 
Logarithmic amplification was applied for measurements of fluorescence and 
linear amplification - for forward light scatter. At least 10 4 cells were analyzed. 

EXAMPLE 2 

Experimental Results 

In an effort to develop culture conditions which stimulate proliferation and 
inhibit differentiation of hemopoietic progenitor cells, CD34 + cells were cultured 
with the following supplements: 

Transition metal chelators such as - tetraethylpentamine (TEPA), captopril 
(CAP) penicilamine (PEN) or other chelators or ions such as Zinc which 
interfere with transition metal metabolism; 

Early-acting cytokines - stem cell factor (SCF), FLT3 ligand (FL), 
interleukin-6 (IL-6), thrombopoietin (TPO) and interleukin-3 (IL-3); 

Late-acting cytokines - granulocyte colony stimulating factor (G-CSF), 
granulocyte/macrophage colony stimulating factor (GM-CSF) and erythropoietin 
(EPO). 

TEPA effects an pro l i feration and cl on a h ttti y of short fp 3f + 
cultures! Addition of TEPA to CD34+ cells cultured with low doses of early- 
acting cytokines resulted in a significant increase in total cell number, in the 
number of CD34+ cells (measured by flow cytometry utilizing fluorescence 
labeled specific antibodies, Figure 2) and in cell clonability (measured by plating 
culture aliquots in semi-solid medium and scoring colonies mat develop two 
weeks later, Figure 1), compared to cultures supplemented only with cytokines. 
The colonies which developed in semi-solid medium in the presence of TEPA 
were of myeloid, erythroid and mixed phenotype. 

The effects of TEPA were further assessed in cultures supplemented with 
either high doses of early cytokines (Table 1) or with a combination of early- and 
late-acting cytokines (Figure 3). The results indicated that TEPA significantly 
increased the clonability and the percentage of CD34+ cells in these cultures. As 
for total cell number it was increased by TEPA in cultures supplemented with 
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earfy cytokines (Table 1; Figure 2), whereas in cultures supplemented with both 
early and late cytokines, TEPA caused a marginal inhibition (Figure 3). 

TABLE 1 

The short-ierm effect of TEPA on CD34 cells 



TEPA 


D-3 


Cells/ml 
(xl04) 


CD34 cells 
(%) 


Colonies 
(Per 1x103 
initiating cells) 


CFU 

expansion 
(fold) 






1 


I 


16 


0.3 


+ 




2 


11.5 


140 


2.8 




+ 


5 


5 


165 


33 


+ 


+ 


11 


20 


850 


17 



Cord blood-derived CD34 cells were plated in liquid culture in fee 
Presence of: FL - 50ng/ m l, SCF - 50ng/ml, IL-6 - 50ng/ml, with or without DL-3 - 
20ng/ml with or without TEPA - 10 uM. On day 7, the percentage of CD34 
cells and the total cell number were determined. Aliquots equivalent to 1x103 
nutating cells were assayed on days 0 and 7 for colony forming cells (CFU) by 
cloning in semi-solid medium. CFU expansion represents the ratio of CFU 
present on day 7 to CFU present on day 0. 

_ mPA ™ Proliferation and olnnnhu,^ „ r tm f(r m r fr ^ 

ClUtuiesL Long-term cultures were maintained for 3-5 weeks by weekly demi- 
depopulation (one half of the culture volume was removed and replaced by fresh 
medium and cytokines). Addition of TEPA resulted in a higher clonability in 
long-term cultures supplemented with either early cytokines (Figure 4) or both 
early and late cytokines (Figure 3), as compared to cultures supplemented only 
with cytokines. 3 

After three weeks in culture, there was a sharp decrease in clonability in 
cultures supplemented only with cytokines, whereas cultures treated with TEPA 
m combination with cytokines maintained high clonability, which was even 
higher than that of short-term cultures. 

_ The ^ ect t^ 7 ™ ™ m atu r ati on ofhr mat^ m^ ^ The effect 
of TEPA on the maturation of hematopoietic cells was tested on several models: 
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Mousfe ervthnolenlcemic cells (MET.); MEL cells are erythroblast like 
cells. Following treatment with several chemicals (differentiation inducers) the 
cells undergo erythroid differentiation and accumulate hemoglobin. MEL cells 
were cultured in the presence of the differentiation inducer hexamethylene 
5 bisacetamide (HMBA) and the chelators TEPA or Captopril. At day 3 of the 
culture, the total number of cells and the percentage of hemoglobin-containing 
cells were detennined (Table 2). The results indicated mat both TEPA and 
captopril inhibited the HMBA-induced differentiation of MEL cells. 

Human erythroid cell cultures; Normal human erythroid cells were grown 

10 according to the two-phase liquid culture procedure, essentially as described in 
references 23-26. In the first phase, peripheral blood mononuclear cells were 
incubated in the presence of early growth factors for 5-7 days. In the second 
phase, these factors were replaced by the erythroid specific 
proliferation/differentiation factor, erythropoietin. 

15 The cultures were supplemented with TEPA at the initiation of the second 

phase. The total cell number and the percentage of hemoglobm-containing cells 
were determined after 14 days. The results (Figure 5) showed that in the 
presence of TEPA there was a sharp decrease in hemoglobin-containing cells, 
while the total number of cells decreased only slightly. 

20 These results suggest mat TEPA inhibits erythroid differentiation, but does 

not significantly affect the proliferation ability of the progenitor cells. 



TABLE 2 

The effect of TEPA and captopril on growth and differentiation of 
25 ery throleukemia cells 





Cells/ml (xlO*) 


Benzidine Positive 
Cells (%) 


Control 


31 


<1 


HMBA n 


32- 


46 


HMBA + TEPA 5 pM 


35 


24 


HMBA + TEPA 10 


35 


16 


HMBA + TEPA 20 uM 


47 


16 


HMBA + Captopril 20 uM 


34 


29 


HMBA + Captopril 40 uM 


34 


12 
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Murine erythroleukemia cells (MEL), were cultured in liquid medium 
supplemented with the differentiation inducer - hexamethylene-bisacetamide 
(HMBA, 4 mM), with or without different concentrations of TEPA or captopril 
On day 3, total cell number and hemoglobin containing (benzidine positive) cells 
were determined. 

CD34 + initiated cult u res' Long term liquid cultures initiated with CD34+ 
cells were maintain with different cocktails of cytokines. Half of the cultures 
were continuously supplemented with TEPA. In order to test me status of cell 
differentiation, cytospin preparation were stained with May-Grunwald Giemsa 
(Figures 6a-d). The results showed that cultures which were maintained for 4-5 
weeks without TEPA contained only fully differentiated cells, while with TEPA 
the cultures contained, in addition to folly differentiated cells, a subset of 10 % - 
40 % of undifferentiated blast-like cells. 

These results strongly suggest that TEPA induces a delay in CD34+ cell 
differentiation which results in prolonged proUferation and accumulation of early 
progenitor cells in long-term ex vivo cultures. 

TEPA's mechanism a r tiv i tyL in order to determine whether TEPA 
affects CD 34 + cells via depletion of transition metals, such as Copper, two 
approaches were taken. - 

The first was to assess the effect of different transition metal chelators- 
teto-emylpentarnine (TEPA), captopril (CAP) or penidlamine (PEN). The 
results demonstrated that all these compounds share the same effects on CD34+ 
cells as TEPA (Figure 7). 

The second approach was to supplement TEPA-treated cultures with 
Copper. The results indicated that TEPA activities were reversed by Copper 
(Figure 8), while supplementation with other ions, such as iron and selenium, did 
not (Figure 9), at least in the short to medium term cultures employed herein. 

Zinc, which is known to interfere with transition metal metabolism, e.g., 
with Copper metabolism, expand the clonabihty of the cultures by itself. This' 
effect was even more pronounced in the presence of both Zinc and TEPA (Figure 

In the above examples it is demonstrated that by supplementing CD34 cell 
cultures with early-acting cytokines and the polyamine agent - 
terraemylenepentamine (TEPA), for example, it is possible to maintain long term 
cultures (LTQ without the support of stroma. Three phenomena were evident in 
these cultures: (i) continuos cell proliferation; (2) expansion of clonogenic cells 
(CFUc); and (iii) maintenance of cells at their undifferentiated status. 
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In contrast, control, TEPA-untreated cultures ceased to proliferate and to 
generate CFUc and their cells underwent differentiation much earlier. 

Thus, TEPA and other transition metal chelators sustains long-term 
cultures by inhibiting/delaying cellular differentiation through chelation of 
5 transition metals, Copper in particular. 

The following Example No. 3 further substantiate the results described 
hereinabove; teaches optimal culture conditions for long-term cultures, teaches 
additional chelating agents that affect hemopoietic cell differentiation and sheds 
more light on the mechanism of activity of TEPA and other chelators on their 
10 target cells* 

EXAMPLE 3 

CD34 + cells derived from human neonatal cord blood were purified by 
immunomagnetic method and then cultured in liquid medium supplemented with 

1$ cytokines either with or without transition metal chelators. At weekly intervals, 
the cultures were demi-depopulated by removing half of the culture content 
(supernatant and cells) and replacing it with fresh medium, cytokines and the 
chelators. At the indicated weeks the cellular content of the cultures were 
quantitated for total cells (by a manual microscopic/hemocytometric method), for 

20 CD34+ cells (by immuno-flow cytometry) and for clonogenic cells (by cloning 
the cells in cytokine-supplemented semi-solid medium). The cultures were 
initiated with IxlO 4 cells, 50-80 % of which were CD34+ and 25-50 % of which 
were CFUc. The results presented in Figures 1 1 to 24 were calculated per IxlO 4 
initiating cells (the numbers were multiplied by the dilution factors). 

25 Figure 11 shows the effect of TEPA on long-term CD34 cultures. 

Cultures initiated with CD34 cells in liquid medium supplemented with early- 
acting cytokines (in the absence of stromal cells) could be maintained by TEPA 
for a long time (>6 weeks). In such cultures, TEPA supported, in combination 
with the cytokines, maintenance and expansion of clonogenic cells (CFUc): The 

30 cultures were started with 2.5xl0 3 CFUc. Upon termination after 6 weeks, 
TEPA-treated cultures contained 300x10 s CFUc, (i.e., a 120-fold expansion) 
while control cultures contained no CFUc. 

Figures 12-14 show the effect of TEPA on cell proliferation, CFUc and 
CFUc frequency in the presence of different combination of early cytokines. The 

35 combination of the early-acting cytokines TPO, SCF, FLT, IL-6 and TEPA was 
found to be the optimal combination for the maintenance and long term 
expansion of cells with clonogenic potential. 
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Figure 15 shows the effectof G-CSF and GM-CSF on CFUc foxpiency of 
control and TEPA-suppIemented CD34 cultures. Supplementing the cultures 
with the late-acting cytokines G-CSF and GM-CSF, which stimulate cell 
differentiation, resulted in rapid loss of clonogenic cells. This differentiation 
stimulatory effect is blocked by TEPA. 

Figures 16-17 show the effect of partial or complete medium + TEPA 
change on long-term cell proliferation (Figure 16) and CFUc production (Figure 
17). The results obtained indicate mat for maintaining maximal expansion, 
TEPA should be completely replaced, at least, at weekly intervals. 

Figure 19 shows the effect of delayed addition of TEPA on CFUc 
frequency. It is evident that early exposure of CD34 cells to TEPA was crucial 
for long-term maintenance and expansion of CFUc, suggesting that TEPA affects 
differentiation of progenitors at various stages of differentiation. 

Figure 20 shows the effect of short-term preincubation with a single 
cytokine on long-term CFUc production. The results indicate that LTC-CFC are 
more preserved in TEPA-treated cultures when supplemented for the first 24 
hours with a single cytokine rather than the mil complement of cytokines 
suggesting that under the former conditions cells are blocked more efficiently. 

Fi S ures 21a - b show fee effect of polyamine chelating agents on CD34 cell 
20 cultures. Polyamine chelating agents sustained cell proliferation and expanded 
CFUc during long term cultures. Among the compounds tested, the long-chain 
polyamines, TEPA and PEHA, were found to be more effective than the short- 
chain polyamines. 

Figures 22a-b show the effect of transition metal chelating agents on 
CD34 cell cultures. Penicilamine (PEN) and captopril (CAP), which are known 
transition metal chelators, sustained cell proliferation and expansion of 
clonogenic cells during long-term cultures. 

Figure 23a-b show the effect of Zinc on CD34 cell cultures. Zinc, which is 
known to interfere with transition metal metabolism, Copper in particular 
mimicked the effect of the chelating agents in long term cultures, but to a smaller' 
extent than the chelators themselves. 

Thus, ex vivo expansion of hematopoietic progenitor cells is limited by the 
progression of these cells into non-dividing differentiated cells. This 
differentiation process can be delayed by cultivating the progenitor cells on 
stroma cell layer. Since the stroma supports continuous cell proliferation and 
long-term generation of CFUc, it is believed that the stroma inflict ah anti 
differentiation effect on the progenitor cells. 
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EXAMPLE 4 

According to another mbo,,^ f & ^ . . 

provided a method of preseivation of stem wife, such^Tbut not Itadtaj t"* ^ 
blood derived stan eeife, p^ Hood ^ J?£.Z£Z?*~* 

^ —* * > »—» « • Mfa metal chelator"*! 
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were then seated using either ,0 pM TEPA-PBS hnffcrTraP^e ^ 

TEPA.^ "^.'"t* 6 *« »f » Mta an chelator, snch as 

TCPA, to toe coHecnon bags and the separation and washing bnffers inckST^ 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
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copper . an amount effective in Cueing .capacity ofsdd c4 „ 
copper to an extent effective in inhibiting diffemntiation ya ™ g 
proliferation, thereby ex vivo expanding fte population of cells 8 " 
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The method of claim I, wherein the cells are provided with 



3. 

cytokines. 
4. 

cytokines. 
5. 



The method of claim 3, wherein said cytokines are early acting 



selected from 2? " ^ * ^ ^ ^ are 

tnrombopoietm and mterIeukin-3 . 

cytokines. ^ me " ,0d * ^ *■ ""^ Cy,0kines ~ late «*» 
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progenitor bone cells, stem or progenitor mesenchymal cells, stem or progenitor pancreatic 
cells, stem or progenitor chondrocytes and stem or progenitor stroma cells. 

9. The method of claim 8, wherein said cells are derived from a source selected 

5 from the group consisting of bone marrow, peripheral blood and neonatal umbilical cord blood. 

10. The method of claim 8, wherein said cells are enriched for hematopoietic CD34+ 

cells. 
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11. The method of claim 1, wherein said cells are selected from the group consisting 
of non-differentiated stem cells and committed progenitor cells. 

12. A method of hematopoietic cells transplantation comprising the steps of: 

(a) obtaining hematopoietic cells to be transplanted from a donor; 

(b) providing said cells ex vrvo with conditions for cell proliferation and, at the same 
time for reducing a capacity of said cells in utilizing copper, thereby expanding a 
population of said cells, while at the same time, inhibiting differentiation of said 
cells; and 

(c) transplanting said cells to a patient. 

1 3. The method of claim 12, wherein said donor and said patient are a single 
individual. 



14. The method of claim 1 2, wherein obtaining said hematopoietic cells is from 
5 source selected from the group consisting of peripheral blood, bone marrow and neonatal 

umbilical cord blood. 

15. The method of claim 1 4, wherein obtaining said hematopoietic cells further 
includes enriching said cells for stem cells. 

16. The method of claim 14, wherein obtaining said hematopoietic cells further 
includes enriching said cells for progenitor cells. 



a 



17. A method of transducing stem cells with an exogene comprising the steps of: 
(a) obtaining stem cells to be transduced; 
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providing said cells ex vivo with conditions for cell proliferation and, at the same 
time, for reducing a capacity of said cells in utilizing copper chelator, thereby 
expanding a population of said cells, while at the same time, inhibiting 
differentiation of said cells; and 
transducing said cells with the exogene. 

1 8. The method of claim 17, wherein transducing is effected by a vector including 
the exogene. 

A method of adoptive immunotherapy comprising the steps of: 
obtaining progenitor hematopoietic cells from a patient; 
providing said cells ex vivo with conditions for cell proliferation and, at the same 
time for reducing a capacity of said cells in utilizing copper chelator, thereby 
expanding a population of said cells, while at the same time, inhibiting 
differentiation of said cells; and 
transplanting said cells to the patient. 

20. A therapeutical ex vivo cultured cell preparation comprising ex vivo stem and/or 
progenitor cells propagated in presence of a copper chelator thereby expanding a population of 
said cells, while at the same time, inhibiting differentiation of said cells. 

21 . A method of preservation of stem cells comprising the step of handling the stem 
cell in at least one of the steps selected from the group consisting of harvesting, isolation and 
storage, in a presence of a copper chelator so as to inhibit cell differentiation. 

22. A collection bag designed and configured for collecting stem cells, the collection 
bag being supplemented with an effective amount or concentration of a copper chelator so as to 
inhibit cell differentiation of stem cells collected therein. 



(b) 



(c) 



19. 
(a) 
<b) 



(c) 
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23. An expanded stem cell population expanded ex-vivo in a culture medium 
containing at least one copper chelator in an amount for permitting stem cells of said cell 
population to proliferate and, at the same time, for reducing a capacity of said stem cells 
to differentiate, said stem cells are hence expanded yet not further differentiated as 
compared to ex-vivo seeded.stem cells from which said cell population developed. 

24. The stem cell population of claim 23, in said medium. 



25. The stem cell population of claim 23, isolated from said medium. 

26. A pharmaceutical composition comprising the stem cell population of claim 

23. 



27. A pharmaceutical composition comprising the stem cell population of claim 
25. ' 
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28. The stem cell population of claim 23, wherein said seeded stem cells are 
hematopoietic stem cells! 

29. The stem cell population of claim 28, wherein said hematopoietic stem cells 
are from a source selected from the group consisting of peripheral blood, bone marrow and 
neonatal umbilical cord blood. 

30. The stem cell population of claim 23, wherein said seeded stem cells are 
enriched for hematopoietic CD34+ cells. 

31. The stem cell population of claim 23, wherein said seeded stem cells are of a 
source selected from the group consisting of hematopoietic cells, neural cells and 
oligodendrocyte cells, skin cells, hepatic cells, muscle cells, bone cells, mesenchymal cells, 
pancreatic cells, chondrocytes and stroma cells. 

32. The stem cell population of claim 23, wherein said copper chelator is 
selected from the group consisting of polyamine chelating agents, ethylendiamine, 
diethylenetriamine, triethylenetetramine, triethylenediamine, . tetraethylenepentamine, 
aminoethylethanolamine, aminoethylpiperazirie, pentaethylenehexamine, 
triethylenetetramine-hydrochloride,tetraethylenepentamine-hydrochlorid^ 
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41. 



The method of claim 40, wherein said cytokines are early acting cytokines. 



42. The method of claim 41, wherein said early acting cytokines are selected 
from the group consisting of stem cell factor, FLT3 ligand, interleukin-6, thrombopoietin 
and interleukin-3. 

43. The method of claim 40, wherein said cytokines are late acting cytokines. 

44. The method of claim 42, wherein said late acting cytokines are selected from 
the group consisting of granulocyte colony stimulating factor, granulocyte/macrophage 
colony stimulating factor and erythropoietin. 

45. The method of claim 38, wherein said stem cells are of a source selected 
from the group consisting of hematopoietic cells, neural cells and oligodendrocyte cells, 
skin cells, hepatic cells, muscle cells, bone cells, mesenchymal cells, pancreatic cells' 
chondrocytes and stroma cells; 

46. The method of claim 45, wherein said stem cells are derived from a source 
selected from the group consisting of bone marrow, peripheral blood and neonatal 
umbilical cord blood. 

47. The method of claim 45, wherein said stem cells are enriched for 
hematopoietic CD34+ cells. 



48. 
(a) 
(b) 



(c) 



A method of genetically modifying stem cells with an exogene comprising: 
obtaining stem cells to be genetically modified; 

providing the stem cells ex-vivo with conditions for cell proliferation and 
with at least one copper chelator in an amount and for a time period for 
permitting the stem cells to proliferate and, at the same time, for reducing a 
capacity of the stem cells to differentiate, thereby obtaining an expanded 
stem cell population; and 

genetically modifying cells of said expanded stem cell population with the 
exogene. 
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pentaethylenehexaraine-hydrochloride, tetraethylpentamine, captopril, penicilamine and 
transition metal binding peptides. 

33. The stem cell population of claim 23, wherein said culture medium 
comprises nutrients and cytokines. 

34. The stem cell population of claim 33, wherein said cytokines are early acting 
cytokines. 

35. The stem cell population of claim 34, wherein said early acting cytokines are 
selected from the group consisting of stem cell factor, FLT3 ligand, interIeukin-6, 
thrombopoietin and interIeukin-3. 

36. The stem cell population of claim 33, wherein said cytokines are late acting 
cytokines. 

37. The stem cell population of claim 36, wherein said late acting cytokines 
are selected from the group consisting of granulocyte colony stimulating factor, 
granulocyte/macrophage colony stimulating factor and erythropoietin. 

38. A method of ex-vivo expanding a population of stem cells, while at the same 
time inhibiting differentiation of the stem cells, the method comprising providing the stem 
cells ex-vivo with conditions for cell proliferation and with at least one copper chelator in 
an amount and for a time period for permitting the stem cells to proliferate and, at the same 
time, for reducing a capacity of the stem cells to differentiate. 

39. The method Of claim 38, wherein said copper chelator is selected from the 
group consisting of polyamine chelating agents, ethylendiamine, diethylenetriamine, 
triethylenetetramine, triethylenediamine, tetraethylenepentamine, aminoethylethanolamine, 
aminoethylpiperazine, pentaethylenehexamine, triethylenetetramine-hydrochloride,' 
tetraethylenepentamine-hydrochloride, 

pentaethylenehexamine-hydrochloride, tetraethylpentamine, captopril, penicilamine and 
transition metal binding peptides. 

40. The method of claim 38, wherein providing the cells with said conditions for 
cell proliferation include providing the cells with nutrients and with cytokines. 



41 



49. The method of claim 48, wherein genetically modifying is effected by i 
vector including the exogene. 



Dated this 19 th Day of February 2003 
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